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Administration of BCG by various dosage schedules suppressed adjuvant
disease in rats. BCG administration produced an initial increase, followed by a
depression, of the phytohemagglutinin response of purified blood lymphocytes.
An increase in absolute and relative numbers of bursa-equivalent (B)-cells fol-
lowed BCG administration, concurrent with a decrease in the phytohemagglutinin
responsiveness. With adjuvant alone, there was a diminution in phytohemagglu-
tinin response and an increase in number of B-cells; the latter occurred immedi-
ately after adjuvant injection and also when the generalized disease appeared.
When both BCG and adjvant were present, parallel increases of phytohemagglu-
tinin responsiveness and B-cell numbers resulted. The pattern of tissue localiza-
tion of radioactively labeled thoracic duct cells from normal or BCG-treated
donors given to normal, BCG-treated, adjuvant-injected, and BCG-treated +
adjuvant-injected syngeneic recipients indicated significantly greater homing to
the thymus and decreased localization to the bone marrow when BCG had been
given to either donors or recipients. When labeled thymus cells were used, only
the decreased bone marrow localization was noted. These observations suggest
that the suppressive effect of BCG may be mediated through modification of the
lymphocyte recirculation pattern, possibly resulting from alterations in lympho-

cyte recognition sites.

We investigated the effect of BCG on experi-
mentally induced adjuvant disease (AD), a non-
infectious inflammatory polysystemic syndrome
produced in rats (30, 44), and noted that it
suppresses the disease. AD has been reported to
be suppressed by a variety of mechanisms (9-11,
14, 15, 19, 30, 31, 36-38, 44, 46, 49). Some of the
immunologically specific factors thought to be
involved in the suppression of the disease are
antigenic competition (10), neonatal tolerance
(9, 46), adult tolerance (14) or immunological
paralysis (31), and alterations of the host re-
sponse. AD is also nonspecifically affected by
anti-inflammatory and immunosuppressive
agents (11, 31, 36, 37, 49) and by an interferon-
mediated effect (15). BCG is known to affect
cellular processes involved in both afferent and
efferent components of the immune response (1,
3, 22, 24, 27, 41, 47). BCG has been shown in
mice to activate suppressor cells in bone marrow
(5), and also to produce a depression of the
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response to various mitogens in culture (43). To
elucidate the mechanism by which BCG pro-
duced disease suppression in this nonmalignant
disease model, several experiments were carried
out. To show that the effect of BCG is inde-
pendent of the presence of mycobacterial com-
ponents in the adjuvant, we investigated its sup-
pressive capacity on AD when the adjuvant
mixture contained corynebacteria instead of my-
cobacteria. To study the interactions in rats
between BCG and the cellular immune system,
purified protein derivative (PPD) reactivity, and
lymphocyte subclasses, some of the functions,
distribution, and in vitro mitogen responsiveness
of lymphocyte subclasses (with and without
BCG treatment) were determined.

(Part of this work has appeared in abstract
form: J. Rheumatol. 1:26, suppl. 1, 1974, and
Arthritis Rheum. 18:287, 1975.)

MATERIALS AND METHODS

AD was induced in inbred adult male Wistar-Furth
(WF) or Fisher 344 rats, 180 to 250 g (Microbiological
Associates, Bethesda, Md.), by intradermal injection
of 250 pg of heat-killed Mycobacterium tuberculosis
(strains PN, DT, and C) in 0.05 ml of sterile mineral
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oil (always given at day 0), and the arthritis was scored
on a four-point scale (0 to 3) as described (36). Exper-
imental groups consisted of 5 to 20 rats (see Fig. 1 and

2).

BCG (BCG-s Frais, Pasteur Institute, Paris, France,
from where it was obtained at biweekly intervals), 25
mg suspended in 0.5 ml of sterile saline, was given
intraperitoneally to each rat according to one of three
administration schedules, as follows: (i) pretreat-
ment—BCG on days —6, —3, and 0; (ii) continuous
administration—BCG as for pretreatment plus twice-
weekly injections for 7 weeks; (iii) postadjuvant injec-
tion treatment—BCG three times at 3-day intervals
beginning on day +5 (prearthritis phase), +12 (rapidly
increasing disease), or +19 (disease plateau).

Hemoglobin values and leukocyte and differential
counts were determined by standard methods on tail
vessel blood (see Fig. 3 and 4). Blood lymphocytes
were isolated by centrifugation on a Ficoll-Hypaque
mixture (Pharmacia Fine Chemicals, Uppsala, Swe-
den, and Winthrop Laboratories, New York, N.Y.,
respectively) at times indicated (see Fig. 4 and 5).
Complement receptor-bearing lymphocytes (CRL)
(the major B-cell compartment in the rat) were quan-
titated in this lymphocyte-enriched preparation by the
formation of rosettes with sheep erythrocytes coated
with amboceptor and complement (EAC) (7) with the
modifications described (33). Stimulation studies were
done on triplicate sets of lymphocytes cultured with
phytohemagglutinin (PHA, reagent grade, Wellcome
Laboratories, Beckenham, England) in concentrations
of 100, 10, or 1 ug/ml of cell suspension (see Fig. 7), as
described (33, 42).

The distribution of thoracic duct (TD) lymphocytes
(or of thymocytes) collected from normal (groups 1
through 4) and BCG-treated (groups 5 through 8)
donor rats was determined in normal (groups 1 and 5),
BCG-treated (groups 2 and 6), adjuvant-injected
(groups 3 and 7), and BCG-treated plus adjuvant-
injected (groups 4 and 8) syngeneic recipient rats,
three per group (see Table 1). TD drainage was per-
formed as described (35). The cells were labeled (17)
with Na®’CrO, (E. R. Squibb & Sons, Ltd., New Bruns-
wick, N.J.) and washed in RPMI-1640 as described
(34). TD lymphocytes (2.5 X 107) in 0.5 ml of RPMI-
1640 were injected intravenously into each rat. After
5 days the rats were killed by exsanguination, and the
specimens listed in Tables 1 and 2 were removed and
counted in a Nuclear-Chicago 2-channel automatic
gamma counter series 1185 (Nuclear-Chicago, Des
Plaines, Ill.).

Delayed hypersensitivity as reflected by inflamma-
tory response to intradermal injections of 5 ug of PPD
in 0.3 ml of diluent (Merck, Sharp and Dohme, West
Point, Pa.) was determined on day +14 in BCG-
treated, adjuvant-injected, BCG-treated plus adju-
vant-injected, and control rats as described (35, 49)
(see Table 1).

Because of the observation that disease progression
occurred in the treated groups after BCG therapy was
stopped, we studied the effect of prolonged BCG treat-
ment (two injections per week for 2 weeks) on the
course of AD. WF rats were injected with adjuvant on
day 0, then divided into three groups of five each.
Group 1 received saline. Groups 2 and 3 received
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intraperitoneal injections of BCG twice weekly begin-
ning on days 6 and 12, respectively, for 2 weeks. Their
arthritis scores and weights were recorded daily.

Since tolerance (or paralysis) or cross-reactivity
between BCG and M. tuberculosis may influence the
course of AD, arthritis was also induced using Cory-
nebacterium rubrum instead of M. tuberculosis in the
adjuvant mixture. Fifteen adult WF rats were given,
in the left hind paw on day 0, intradermal injections of
an adjuvant mixture containing 600 ug of C. rubrum in
0.05 ml of sterile mineral oil (29).

RESULTS

Effect of BCG on the development of joint
manifestations. (i) Effect of BCG pretreat-
ment on arthritis. It can be seen in Fig. 1 that
nontreated, adjuvant-injected controls devel-
oped arthritis by day 10, with maximal involve-
ment between days 13 and 25. BCG pretreat-
ment (Fig. 1) strikingly reduced the arthritis
score from the maximum of 5.0 per rat in the
adjuvant-injected group to less than 1.0 per rat
(P < 0.01 on day 22), and delayed onset of the
disease. No late flare of arthritis was observed
in this group by day 100.

BCG injections given twice weekly over the
initial 50 days after adjuvant completely pre-
vented arthritis to day 88 (Fig. 1), when 3 of 10
rats developed mild disease which lasted for a
few days only.

(ii) Effect of short-term BCG treatment
after disease induction. When BCG was given
on days 5, 8, and 11 (just before arthritis was
evident in the control group) (Fig. 2), delayed
onset and significant suppression of the initial
polyarthritis (P < 0.02 on day 14) were noted.
BCG given on days 12, 15, and 18 during the
most active phase (Fig. 2) improved the arthritis
within 4 h of the injection, and the improvement
lasted for the period of BCG administration (P
< 0.02 on day 19). BCG given later, on days 19,
22, and 25, during disease plateau (Fig. 2), low-
ered the arthritis score only slightly relative to
that of the adjuvant-injected controls (P not
significant on day 23), with hours elapsing before
any improvement was seen. Also to be noted in
Fig. 2 is the gradual progression of disease to the
level of the adjuvant-injected controls, which
occurred after cessation of BCG administration
in these groups.

(iii) Effect of long-term BCG treatment
after disease induction. All control rats de-
monstrated the usual AD course of polyarthritis
and weight loss after adjuvant injection similar
to the untreated group in Fig. 2. Groups receiv-
ing BCG twice weekly, commencing, respec-
tively, on days 6 and 12, initially showed a sig-
nificant improvement in their arthritis scores.
As in the preceding experiment, even with con-
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Fic. 2. Effects of BCG given after disease induc-
tion (five rats per group). (A) Mean group weight
change (grams); (B) mean group arthritis score of the
three noninjected paws. BCG given on days:
@—®) 5 8 11; (@--@) 12,15, 18; (@---@) 19, 22,
25. (A——A) Control adjuvant.

tinued twice-weekly injections of BCG, progres-
sion of arthritis was noted so that the mean
score of treated animals was no different from
that of untreated controls by day 40.

(iv) BCG suppression of disease induced
with C. rubrum adjuvant. Rats given adju-
vant containing C. rubrum developed transient
erythema, swelling, and tenderness of interpha-
langeal and metacarpo-phalangeal joints by day
13, as reported (29). BCG started on day 11

significantly decreased the number of joints in-
volved relative to that of the controls (P < 0.01
on day 20), and continued to have an effect to
day 30, at which time the experiment was ter-
minated. As in the case of the mycobacterial
adjuvant, BCG pretreatment was more effective
and afforded complete disease suppression be-
tween days 24 and 26 (Fig. 3).

Effect of BCG on immunological mecha-
nisms involved in the diseases. To define
cellular immune parameters which could be af-
fected by BCG and might be of significance in
explaining the observed suppression, hematolog-
ical values, lymphocyte subpopulations, and
PPD skin reactivity were studied.

(i) Hematological values (performed on
the pretreated rats of Fig. 1). The adjuvant-
injected control rats developed a chronic non-
progressive anemia which was maximal during
the acute phase of the disease (Fig. 4), as has
been reported (21). BCG-receiving rats devel-
oped anemia which lasted throughout treat-
ment. Rats treated with BCG and then given
adjuvant also became anemic initially, but their
hemoglobin values rose toward normal more
rapidly than those of the adjuvant-injected con-
trols.

The first BCG injection produced leukocyto-
sis, consisting mainly of mononuclear cells. After
the third BCG injection a second peak of leu-
kocytosis occurred, with mononuclear and
polymorphonuclear cells contributing almost
equally. A third peak appeared 3 weeks from the
first BCG injection, at which point it consisted
mainly of polymorphonuclear leukocytes (Fig.
5). The adjuvant-injected rats showed a post-
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adjuvant leukocytosis with an increased per-
centage of polymorphs, followed by an absolute
leukopenia with lymphocytopenia maximal dur-
ing the acute phase of the disease. An increase
in polymorphs was noted during the early pre-
arthritic phase. Rats given BCG plus adjuvant
also showed, after adjuvant injection, a rise in
the leukocyte count related mainly to an in-
crease in polymorphs. This group also developed
a transient lymphocytopenia.

(ii) Identification and quantitation of
lymphocyte subpopulations. To characterize
more fully the changes in blood lymphocyte
populations, the percentage of CRL (represent-
ing the major B-cell compartment in the rat)
was determined (Fig. 6 and 7). The BCG-treated
group showed a small rise in CRL on day 6, with
normal values thereafter. The adjuvant-injected
group showed an early postadjuvant increase in
CRL, with a second rise during development of
the polyarthritis (P < 0.05 on days 6 and 18
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F16. 3. Effect of BCG on disease induced by C.
rubrum adjuvant (five rats per group).
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relative to normal rats). The rats receiving BCG
plus adjuvant showed a marked early increase
in CRL (P < 0.01 on day 8 relative to normal
rats), with a slow return to normal.

Both the adjuvant-injected and BCG plus ad-
juvant-injected rats developed lymphocytopenia
with concurrent increase in CRL. This lympho-
cytopenia was caused by a decrease in the non-
CRL lymphocyte population, which in rats, as
well as in humans, most likely consists largely of
T-cells.

In vitro lymphocyte PHA stimulation studies
are summarized in Fig. 7B and C. Figure 7B
shows background [2-'*C]thymidine incorpora-
tion by the non-PHA-stimulated lymphocytes of
the four groups. Neither adjuvant nor BCG
given alone increased background incorporation
(it has been found that BCG increased uptake
by nonstimulated mouse spleen cultures; 43). In
the rats given BCG plus adjuvant, there was
increased incorporation between days 15 and 20
(P < 0.01 on day 20) relative to all other groups.

The PHA response shown in Fig. 7C has been
plotted to compare maximal stimulation of
treated groups to that of nontreated controls (n
= 20). The mean response * 1 standard error of
this latter group, expressed as log,o (PHA-stim-
ulated cells/nonstimulated cells), is 2.52 + 0.07.

In the BCG-treated group, there was an early
increase in incorporation after BCG injection.
By day 6, the values fell below the control base
line and remained there, showing a biphasic
response which has not been reported in the
mouse experiments (5). The adjuvant-injected
group showed decreased response throughout
the experiment. In the group receiving BCG plus
adjuvant, increased thymidine incorporation
was noted early, similar to the pattern of the
group receiving BCG alone. The response then
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phonuclear cells, (bottom) total mononuclear cells.
Symbols as in Fig. 3.

fell below base line by day 12 (during the most
active phase), but returned to normal levels by
day 18.

(iii) Lymphocyte homing experiments.
Results of the TD lymphocyte homing studies
are shown in Tables 1 and 2. By rosette forma-
tion with EACs it was established that 37% of
TD cells collected from normal donors, and 33%
of TD cells from BCG-treated donors, were
CRL.

Groups 1 through 4 and 5 through 8 represent
cells from normal and BCG-treated donors, re-
spectively. Paired syngeneic recipient groups are
numbered 1 and 5 (normal), 2 and 6 (BCG
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treated), 3 and 7 (adjuvant injected), and 4 and
8 (BCG treated plus adjuvant injected). Distri-
bution, expressed as percentage of total counts
recovered, had the same statistical validity when
expressed as counts per minute per organ (Table
1) as when expressed as counts per minute per
milligram of wet tissue for each of those organs
(Table 2).

Group 5 when compared to group 1 showed:
higher counts in thymus (P < 0.001), liver (P <
0.001), bone marrow (P < 0.01), and left inguinal
node (P < 0.02); no difference in lungs (P = 0.84)
and right inguinal nodes (P = 0.67); and lower
counts in blood (P < 0.002) and spleen (P <
0.001).

The significant differences resulting from
BCG treatment of the donors as seen in the
other paired recipient groups (2 versus 6, 3 ver-
sus 7, 4 versus 8) were as follows: higher counts
in the inguinal nodes of group 6 (P < 0.001) and
lower counts in the lungs of groups 6, 7, and 8
(P < 0.01) relative to their respective paired
groups.

Within the groups receiving cells from normal
donors (groups 1 to 4) it was noted that BCG
treatment of the recipients (group 2) resulted in
higher thymic, lower bone marrow (both signif-
icant at the 0.001 level), and unchanged splenic
counts relative to groups 1 and 3, not treated
with BCG. Group 3 also had thymic counts
greater than group 1, lower than group 2 (P <
0.001), but not different from group 4 (P < 0.62).
Also noted in group 3 were bone marrow counts
greater than in all other groups receiving normal
TD cells (1, 2, 4) (P < 0.001), and splenic counts
lower than group 1 (P < 0.002) but similar to
groups 2 and 4.

Distribution of counts in the recipients of TD
cells from BCG-treated donor rats (groups 5 to
8) was similar to that in the paired subgroups
(1 to 4) receiving normal TD cells. BCG treat-
ment of the recipients (group 6) resulted in
higher thymic (P < 0.001) and lower bone mar-
row (P < 0.001) counts than those of normal
group 5. Group 7 had thymic counts greater than
those of group 5 (P < 0.02), but slightly lower
than counts obtained in group 6 (P = 0.1), and
bone marrow counts slightly higher than either
6 (P = 0.09) or 8 (P = 0.16). BCG treatment plus
adjuvant injection of the recipients (group 8)
also resulted in thymic counts greater (P = 0.02)
and bone marrow counts lower (P < 0.01) than
those of the normal recipients (group 5).

Additional studies in our laboratory (S. Ber-
ney, R. Bishko, and F. Quagliata, Arthritis
Rheum. 14:370, 1971; S. Berney and F. Quag-
liata, J. Reticuloendothel. Soc. 13:348, 1973)
suggest that the distribution of TD cells in this
model varies with time, although the most
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marked differences are noted at day 5 (F. Quag-
liata and M. Spadaro, unpublished data).

We repeated these experiments with thymo-
cytes from normal and BCG-treated donors; al-
though proportionally higher counts than with
TD cells were recovered in the thymi of all
recipients, the general homing patterns for the
various subgroups were similar.

(iv) Skin reactivity to PPD. All groups ex-
cept the normal rats showed inflammation and
induration around the test sites between 24 and
72 h after intradermal injection of PPD on day
14 (Table 3); no signs of inflammation or indur-
ation were present at 6 h or between 12 and 20

h, excluding the possibility of a positive Jones-
Mote reaction. PPD reactivity was not deter-
mined in the experiment in which C. rubrum
adjuvant was used.

DISCUSSION

It is known that BCG may affect the course of
malignant diseases (4, 16, 26, 28). The results of
the experiments reported would suggest a poten-
tial therapeutic role for BCG in nonmalignant
dieseases that result from or involve immunolog-
ical mechanisms. Indeed, there is already one
report describing a beneficial effect of BCG in
chronic rheumatoid arthritis (39), which has
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TABLE 1. Distribution of counts in syngeneic recipients of *'Cr-labeled TD cells from normal and BCG-treated donor rats

guinal node Thymus Spleen Liver Lungs Femora

node
0.22 + 0.12
0.24 £ 0.05

Blood (5 ml) Left inguinal Right in-

Recipient rats

Donor rats

323+0.19 197024
312+0.19 122+023

3.59 +£0.24 143 +0.13
3.35+0.32 0.91+0.17

0.38 £0.06 0.21 +0.02 5817 +3.18 32.23 + 3.24
023 £0.02 7.76 £204 5553 +4.19 29.12 + 1.96

437+044 0.78+040 262 +0.88 5235+ 145 31.44 +0.26

3.77 + 0.66°
3.12 + 0.48
3.24 + 0.68

2.76 + 0.12

Untreated (normal)
BCG pretreatment

Adjuvant

Untreated
(normal)

0.30 +£0.08 835+ 1.07 5211 +1.97 2890+ 2.03

3.23 + 0.42

Adjuvant + BCG

pretreatment

328 +£0.31 2.18 +0.49
1.33 £ 0.27

249 £0.12 1.04 +£0.31

502 +£3.83 49.81 £579 30.51 +£10.63 2.79+020 2.89 % 1.92
3.61 £ 0.01

040 £ 0.08 1.98 +0.98 48.88 +0.89 40.29 + 1.34

040 £0.05 0.39+0.06 8.61+2.08 5093+ 7.77 33.60 +9.09

4.99 + 2.76

1.29 £ 0.21
2.07+198 0.35+024 843 +4.32 5347 +8.38 32.78 + 4.54

0.44 + 0.03

2.55 + 0.26
2.68 + 0.23
2.70 £+ 0.34
2.43 £ 0.32

pretreatment
“ Values are expressed as the percentage + standard error of total counts recovered per recipient (mean of three rats per group).

BCG pretreatment

Untreated (normal)
Adjuvant

Adjuvant + BCG

pretreatment

BCG

|
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TaBLE 2. Distribution of counts in syngeneic
recipients of *'Cr-labeled TD cells from normal

donor rats®
Group Organ Wt (mg) cpm cf:;/
Normal L node 43 67.5 15.7
R node 22 110.2 334

Thymus 304.6 706.3 23
Spleen 555.0 17,045.0 30.7
Liver 9,716.7 9,919.0 1.0
Lungs 1,397.0 1,050.4 0.75

BCG L node 3.0 35.0 11.7
R node 3.0 270 9.0
Thymus 423.7 2,344.1 55
Spleen 1,759.7 16,570.0 94
Liver 11,396.7 8,828.3 0.77
Lungs 1,709.7 1,006.6 0.59

Adjuvant L node 28.3 1,396.1 49.3
R node 6.3 253.9 403
Thymus 112.0 1,164.0 10.4
Spleen 551.0 17,043.7 309
Liver 7,386.7 10,043.7 14
Lungs 14140 10324 073

BCG and L node 30.7 7136 232
adjuvant R node — —
Thymus 300.0 2,550.7 8.5

Spleen 1,138.7 15,8593 139
Liver 8,620.0 8,931.8 1.03
Lungs 1,572.7 949.5 0.60

® Values are expressed as counts per minute per milligram of
wet tissue for each organ (mean of three rats per group). —,
The R nodes in this group were inadvertently discarded before
they were weighed.

TABLE 3. Rat ear skin reactivity to intradermal
PPD

Reactivity” at:
Group 6h 24h 48 h 72h
L* R L R L R L R
Adjuvant 0 0 0 107 0 80 0 53
Adjuvant 0 0 0 106 0 108 0 6.0
and BCG

? Diameter of erythema and induration (in milli-
meters).

®L, Left ear: 30 ul of diluent (Merck, Sharp &
Dohme).

‘R, Right ear: 30 ul of PPD (1,500 tuberculin units;
Merck, Sharp & Dohme).

been followed by anecdotal support (20). How-
ever, the progression of disease that we observed
in the AD model after cessation of treatment
represents a warning against an indiscriminate
use of BCG as a therapeutic agent in diseases
other than malignant.

The following mechanisms could contribute
to explaining the suppression of AD induced by
BCG that we observed.

(i) Tolerance. Although a schedule for BCG
administration capable of inducing tolerance in



VoL. 25,1979

the AD model has not been worked out, our
experimental conditions are not compatible with
those expected to induce tolerance (18, 32), as
has been seen in studies involving pretreatment
with M. tuberculosis (9, 10, 44) and/or the Wax
D fraction of M. tuberculosis (44). It is also
unlikely that tolerance-induced disease suppres-
sion (or immune paralysis of an ongoing re-
sponse) would be evident as rapidly as we have
observed (within 4 h) after a single injection in
adult rats. Moreover, suppression of disease in-
duced by C. rubrum adjuvant was also effected
by BCG, and, although antibodies to some BCG
antigens are to some extent cross-reactive with
both M. tuberculosis and C. rubrum (45), it is
improbable that this suppression occurs on the
basis of tolerance. The presence of positive skin
test reactivity to PPD also in the BCG-treated
rats indicates that tolerance has certainly not
been induced to all the antigens of M. tubercu-
losis by the BCG administration.

(ii) Antigenic competition. Without sensi-
tive measurements of cross-reactivity between
BCG and the adjuvant mixture, it is practically
impossible to evaluate antigenic competition as
a factor in the observed suppression. It is known
that protein (9, 38), lipopolysaccharide antigens
(46), and cellular (9, 10, 44, 46) as well as extra-
cellular (38) bacterial products have suppressed
AD; in most cases, these agents had to be given
in the same suspension as the adjuvant mixture
(9, 14). Another requirement for antigenic com-
petition is that the competing antigens have to
drain to the same regional lymph nodes (8).

We gave BCG intraperitoneally and the ad-
juvant mixture intradermally into the left hind
paw. Thus, it is unlikely that the initial influence
of BCG is on the nodes draining the injected
paw. This fact, plus the reported exacerbation of
AD produced by a second adjuvant injection
given within 1 month of the first (10, 44), and as
well as the normal humoral response in rats
given protein antigen at the same time as intra-
dermal adjuvant (38), the well-known “adju-
vant” effect of Freund adjuvant even when given
at a site apart from that of the antigen, suggest
that antigenic competition is unlikely to be pri-
marily responsible for the suppression reported
here. Moreover, it is unlikely that the rapid
improvement of arthritis (Fig. 2) in rats receiving
BCG on day 12 could result from antigenic com-
petition.

(iii) Immune complex formation. Direct
measurement of anti-mycobacterial antibody
was not done; however, the histological appear-
ance of the kidney both in the M. tuberculosis-
and in the C. rubrum-injected rats seemed to
exclude the elimination of the antigens, as part
of a complex which localizes to the kidney, as a
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possible mechanism of suppression (F. Quagliata
and R. A. Melton, unpublished data); however,
it is conceivable that immune complexes bound
to tissues other than the kidney might have
contributed to sequestration of the antigen.

(iv) Interferon inducer production. Re-
ports on the suppression of AD by enhancement
of interferon production and release (15) led to
the hypothesis that a virus may be involved in
the pathogenesis of the syndrome. BCG has
indeed been shown to increase interferon pro-
duction (48), and it may be capable of slowing
viral replication in the AD host, with resulting
suppression. However, an earlier study from our
laboratory (35) tends to eliminate direct viral
infection as the causative agent of AD.

(v) Cell recirculation. The significant in-
crease in counts in the nodes and thymi in our
study most likely reflects trapping of more cells
than are accounted for by the usual number of
antigen-specific cells in the TD population (12,
25).

It has been shown that the adult mouse thy-
mus contains lymphocytes with specific antigen-
binding receptors (25): this may explain, at least
in part, both the increased trapping of TD cells
in the thymus of BCG- and/or adjuvant-treated
rats and the facilitated cell-cell interaction re-
sulting from BCG treatment of donors. This
might be indicative of the expansion of a T-cell
population through which some of the effects of
BCG that we noted might be explained.

(vi) Cell interactions. A negative influence,
or suppressor function, exerted by the thymus
or thymocytes stimulated by BCG should also
be considered. The concurrent increases in num-
ber and percentage of CRL and increased PHA
responsiveness early in the course of AD in
BCG-treated rats may reflect increased helper
cell activity and/or reduced influence of a sup-
pressor T-cell subpopulation. Alternatively, the
interplay between these helper cells and sup-
pressor cells like those described in C57BL/6
mice (5, 43), in relation to the time of BCG
administration and testing of the cells, might
explain some of these effects. A mechanism sim-
ilar to this one has been reported in explaining
the enhancement of the response to type III
pneumococcal polysaccharide by antithymocyte
serum (2). Other immunological effects of BCG
may be responsible for the observed disease
suppression, particularly those affecting cellular
processes involved in both afferent and efferent
components of the immune response. Differen-
tiation of mononuclear phagocytes into macro-
phages (1), accumulation of macrophages at the
site of BCG injection (1, 6, 40), proliferation of
cellular compartments of the lymphoreticular
system (23, 40), and increased phagocytic activ-
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ity (as measured by colloidal carbon clearance
and Kupfer cell accumulation of **'I-labeled hu-
man albumin) (13) have been reported in in vivo
models after BCG administration.

Suppression of AD by BCG, with the observed
changes in lymphocyte distribution, subpopula-
tion ratio, and mitogen responses, may therefore
also result from BCG-induced modification of
thymic suppression function, thus affecting both
cellular and humoral activity in the effector limb
of the immune response to adjuvant. A more
direct, pharmacological-type effect of the BCG
should also be considered, in the light of the
observed almost immediate effect on the ongo-
ing disease. Further experiments must be done
to clarify fully the suppressive mode of action of

BCG.
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